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ABSTRACT
Comparison of In-place Versus Laboratory 
Binder Properties o f Asphalt
by
Maqdoom M. Bukhari, P.E.
Dr. Moses Karakouzian, Ph. D. Examination Committee Chair 
Professor of Civil Engineering 
University of Nevada, Las Vegas
In this study Hot Mix Asphalt binder properties from laboratory aged 
specimens were compared to binder extracted from field specimens. The 
properties were Absolute Viscosity, Penetration, Bending Beam Rheometer 
creep stiffness. Bending Beam Rheometer m-value and Direct Tension failure 
strain. The data for the study were collected from Clark County Public Works 
project files. The comparisons showed that 1 ) there was no difference between 
the field and laboratory specimens for absolute viscosity, 2) there was a 
significant difference between the field and laboratory specimens for penetration 
and 3) there was no conclusive evidence that the other three properties were the 
same or different between the laboratory and field specimens.
Ill
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CHAPTER 1
INTRODUCTION 
Purpose o f the Study 
Asphalt cement (binder) is the most significant component o f asphalt 
concrete, which affects the performance and life expectancy o f pavement and 
lining projects. Selection o f proper type and grade of binder for a particular 
project is based, not only on laboratory testing of the original binder prior to 
construction, but also from testing o f laboratory aged binder, testing o f recovered 
in-place binder and performance records of other pavement projects. The 
purpose o f this study is to collect data on pre- and post construction binder tests 
performed on several projects and analyze the change in several asphalt 
properties from the original (virgin) state to both laboratory aged samples and in- 
place field samples. Test results were compared between the laboratory aged 
samples to the in-place field samples.
Manuscript
This thesis is divided into four parts. A background chapter provides 
some information about the types o f asphalt and the testing o f asphalt. The next 
chapter. Methodology, details how the data was collected and presents the data
1
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that were used fo r analysis. The data analysis chapter details and presents 
theresults o f a statistical analysis that was performed on the acquired data. 
Finally the observations from this study are presented in the conclusions and 
recommendations chapter. This chapter also provides recommendations for 
future studies.
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CHAPTER 2
BACKGROUND 
Historical Background o f Asphalt Cements 
Asphalt cements or “binders” are a class o f black or dark-colored solid, 
semisolid or viscous cementitious natural or manufactured substances 
composed principally o f high molecular weight hydrocarbons. Asphalt cements 
are soluble in carbon disulfide. Native asphalt cements have been derived in 
ancient times (around 3500 BC) from earth’s crust when petroleum in certain 
lakes rose to the surface by natural processes and evaporation of volatile 
factions took place, leaving the asphalt in the dry lakebeds (Broome, 1965). The 
m ost important sources of native asphalt are found in Trinidad and Bermudez 
lake deposits. Asphalt from these sources often is called “lake asphalt.” Prior to 
the development o f the modem processes for producing asphalt cements from 
crude petroleum, native asphalt was the only source of supply for early asphalt 
pavement projects.
The modem use of asphalt fo r road and street construction began in the 
late 1800, and grew rapidly with the emerging automobile industry. Since that 
time, asphalt technology has made considerable progress. Today, the equipment 
and techniques used to build asphalt pavements are highly sophisticated 
(Asphalt Institute, MS-8, 1983).
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Asphalt cements are generally hard and relatively solid at ambient 
temperatures. They must therefore be heated or treated by mixing them with 
volatile oils or by emulsifying them with water, in order to convert them into stable 
liquid form at lower temperatures, for easy distribution and use in the production 
o f asphalt concrete. Asphalt concrete is produced by mixing asphalt cements 
with mineral aggregates and is extensively used fo r pavement construction. 
Asphalt pavement construction requires strict control o f materials and 
workmanship (Asphalt Institute, MS-22, 1983).
Approximately 75 companies in Canada and US currently produce asphalt 
cement refined from crude oil. A few of these companies produce asphalt 
cement as their principal product. In the majority o f cases, the asphalt used to 
pave roads is made from the residuum that remains after the refineries remove 
the distillates to manufacture, gasoline, je t fuel, kerosene, lubricating oils, and 
other commodities (Asphalt Institute, SP-1, 1997).
Properties of Asphalt Cement 
The chemical bonds holding the molecules together in asphalt cement are 
relatively weak and are easily broken by heat or shear stress (Asphalt Institute, 
MS-5, 1983), which explains the viscoelastic behavior o f asphalt. The inter- 
molecular bonding is destroyed when asphalt is heated and flows freely. When 
the asphalt cools, the weak bond reforms and the original chemical structure 
returns, but not necessarily to the same structure as before heating. The
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complexity and changing chemical structure of asphalt makes it extremely 
difficult to use chemical analyses as a tool to characterize the ir performance.
For this reason, physical property measurements have been and continue 
to be the primary means o f selecting and specifying asphalt cements. Because 
o f ite viscoelastic nature, asphalt cement behavior depends on both temperature 
and rate o f loading. In hot conditions (such as desert climate prevalent in Clark 
County) or under sustained loads (such as slow moving or parked vehicles) 
asphalt cement acts like a viscous liquid. Under these circumstances, the 
aggregate is the part o f the hot mix asphalt that bears the load. On the other 
hand, in cold climates (winter season) or under rapidly applied loads (fast moving 
traffic), asphalt cement behaves like an elastic solid. Elastic solids are like rubber 
bands; when loaded, they deform, and when the load is removed, they retum to 
the ir original shape. If stressed beyond the capacity or strength o f the material, 
elastic solids may break. Even though asphalt cement is an elastic solid at low 
temperatures, it may become too brittle and crack when excessively loaded.
Most environmental conditions lie between the extreme hot or cold 
situations. In these climates, asphalt binders exhibit the characteristics of both 
viscous liquids and elastic solids. Because of this range of behavior, asphalt is 
an excellent adhesive material to use in paving, but an extremely complicated 
material to understand and explain. When heated, asphalt acts as a lubricant, 
allowing the aggregate to be mixed, coated, and tightly compacted to form a 
smooth, dense surface. A fter cooling, the asphalt acts as the glue to hold the 
aggregate together in a solid matrix. In this finished state, the behavior of the
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asphalt is termed viscoelastic; it has both elastic and viscous characteristics, 
depending on the temperature and rate of loading.
Because o f its chemical complexities, asphalt specifications have been 
developed around physical property tests, such as penetration, viscosity and 
sometimes, ductility. These physical property tests are performed at standard 
test temperatures, and the test results are used to determine if the material 
meets the specification criteria (Asphalt Institute, SP-1, 1997).
However, there are limitations in what the results o f these test procedures 
provide. Many o f these tests are empirical; meaning that pavement performance 
experience is required before the test results yield meaningful information. 
Penetration is an example o f this. The penetration test indicates the stiffness of 
the asphalt, but any relationship between asphalt penetration and performance 
has to be gained by experience. An additional drawback of empiricism is that the 
relationship between the test result and performance may not be very good. 
Penetration describes only the consistency at a medium temperature (77° F or 
25° C). Lower-temperature-elastic-behavior cannot be realistically determined 
from these data to predict low temperature performance.
Testing o f Asphalt Cement 
The following AASHTO (American Association o f State Highway and 
Transportation Officials) and ASTM (American Society for Testing and Materials) 
accredited tests are performed for evaluating a given sample o f asphalt cement 
for grading purposes:
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Absolute Viscosity T202 D2171
Thin Film Oven (TFO) T179 D1754
Rolling Thin Film Oven (RTFO) T240 D2872
Bending Beam Rheometer Creep Stiffness TP1
Bending Beam Rheometer m Value TP1
Direct Tension TP3
Solubility T44 D2042
Flash Point T48 D92
Kinematic Viscosity T201 D2170
Ductility T51 D113
A brief description o f these tests is given in the following paragraphs.
Penetration Test
Penetration is a measure of softness or hardness o f the asphalt material. 
The consistency o f a bituminous material expressed is the distance in tenths o f a 
millimeter (0.1 mm) that a standard stainless steel needle penetrates vertically a 
sample of the material under specified conditions o f loading (100 gm), duration 
of time (5 seconds) and temperature of the sample (77° F or 25° C). Higher 
values of penetration indicate softer consistency of the material.
Lower penetration grade asphalt cements are generally needed in warmer 
climates to avoid rutting o f pavement caused by softening in the summer. Higher 
penetration grade asphalt is the obvious choice in colder climates to avoid 
excessive brittleness caused by cold winter weather.
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8The use o f penetration tests for classHying asphalt has provided long 
experience and service records that are associated with pavement construction 
and maintenance. This is, however, an empirical test, which many engineers 
would like to replace with the absolute viscosity test using the vacuum capillary 
viscometer.
Absolute Viscosity
Viscosity is the physical characteristic of a liquid used to describe the 
resistance to flow. Although viscosity is a fundamental measure o f flow, it only 
provides information about higher temperature viscous behavior. The tests are 
preformed at temperatures o f 60° C (140° F) and 135° C (275° F).
ASTM D 2171 (AASHTO T 202) describes the procedure for 
determination o f viscosity in poises (P) at 60° C (140° F). In this procedure the 
time is measured for a fixed volume of liquid to be drawn up through a capillary 
tube by means of vacuum, under closely controlled conditions o f vacuum (300 
mm Hg vacuum) and temperature (140 ° F, 60 ° C). The viscosity in poises is 
determined by multiplying the viscometer calibration factor (in poises per second) 
with the measured flow time in seconds. This procedure is applicable fo r 
materials having their viscosity in the range of 0.036 to over 200,000 poises. This 
procedure is suitable for measurement o f viscosity o f both Newtonian and non- 
Newtonian liquids.
There has been a strong movement to change the system of grading 
asphalt cements from penetration units at 25° C (77° F) to absolute viscosity
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units a t 60° C (140° F). It is doubtful however that the penetration method of 
classification w ill be dropped entirely in the near future as this would result in 
loss o f many years o f accumulated experience. Moreover, the opponents of 
classification by absolute viscosity method alone believe that 140° F temperature 
is too high, and the asphalt begins to behave as a non-Newtonian liquid at that 
temperature. In any event some manufacturers (including those in the southem 
Nevada region of the country) are now applying both classification techniques 
and are likely to continue this practice in the foreseeable future.
Thin Film Oven Test (TFO)
This test exposes a sample o f asphalt cement to conditions that 
approximate those that occur during hot-mix plant operations. Viscosity or 
penetration tests made on the sample after TFO procedure is used to measure 
the anticipated hardening of the material during construction and pavement 
service.
Rolling Thin Film Oven Test (RTFO)
This procedure has been developed by agencies in the western United 
States fo r the same purpose as the TFO procedure. The equipment required for 
a RTFO test includes a specially designed oven and a bottle used as a container 
for the test sample. The asphalt cement sample is placed in the bottle. The bottle 
is placed on its side on a rotating shelf, which rolls the bottle continuously in the 
oven kept at 375 ° F (163 ° C). Once during each rotation, the bottle opening
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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passes an air jet, which removes accumulated vapors from the bottle. The 
advantages o f the RTFO test over the TFO test are that the RTFO oven 
accommodates larger number o f samples than the TFO oven, and less tim e is 
required to age the sample in the RTFO test than in the TFO test.
Solubility
Solubility is a measure of the purity of asphalt cement. The portion o f the 
asphalt cement that is soluble in a specified solvent such as trichloroethylene is 
expressed in percentage to indicate solubility. Inert matter, such as salts, free 
carbon or non-organic contaminants are insoluble.
Flash Point
The flash point o f asphalt cement is the lowest temperature at which 
volatile materials separate from a sample in sufficient concentration to “flash” in 
the presence o f an open flame. Flash point must not be confused with fire point, 
which is the lowest temperature at which the asphalt cement will catch fire and 
bum. Flash point involves only instantaneous combustion o f the volatile fractions 
separating from the asphalt. The flash point o f asphalt cement is determined to 
identify the maximum temperature at which it can be handled and stored without 
the danger of flashing. This is important since asphalt cement is usually heated 
in storage to keep its viscosity low enough so that it could be pumped. The basic 
procedure for determining flash point is to gradually heat a sample of asphalt 
cement in a brass cup while periodically holding a small flame over the surface of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the sample. The temperature at which an instantaneous flashing o f vapors 
occurs across the surface is taken to be flash point. The Cleveland Open Cup 
Test is the most common procedure fo r determining flash point; however, the 
Pensky-Martens Test is sometimes used. Both serve the same purpose.
Kinematic Viscosity
Kinematic Viscosity o f Asphalt covers determination o f kinematic viscosity 
of liquid asphalt (bitumen), road oils and distillation residues o f liquid asphalt 
(bitumen) all at 140 ° F (60 ° C) and o f asphalt cements at 275° F (135 ° C) in 
the range from 6 to 100,000 centistokes. Kinematic viscosity is a measure o f the 
resistance to flow of a liquid under gravity. The SI unit o f kinematic viscosity is 
squared meter per second. For practical use, a submultiple (squared millimeter 
per second) is more convenient. The centistoke (CST) is one squared centimeter 
per second and is customarily used. Viscosity as referred to herein is the ratio 
between the applied shear stress and the rate o f shear, called the coefficient of 
dynamic viscosity. This coefficient is the measure o f the resistance to flow o f a 
liquid. The SI unit of viscosity is the Pascal per second. For practical use a 
submultiple (mpa.s) is more convenient. The centipoise, 1 mpa.s, is customarily 
used. Density is the mass per unit volume of liquid. The cgs unit o f density is 1 
gm/cc. The SI unit of density is 1 kg/cubic meter. The method for determination 
of kinematic viscosity includes measuring the time for a fixed volume of the liquid 
to flow through the capillary of a calibrated glass capillary viscometer under an 
accurately reproducible head and at a closely controlled temperature. The
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kinematic viscosity is then calculated by multiplying the efflux time in seconds by 
the viscometer calibration factor. The results o f this test can be used to calculate 
viscosity when the density o f the test material at the test temperature is known or 
can be determined.
Ductility
Ductility is the ability o f a substance to be drawn out or stretched thin. 
While ductility is considered an important characteristic o f asphalt cements in 
many applications, the presence or absence o f ductility is usually considered 
more significant than the actual degree of ductility. The ductility of a bituminous 
material is measured by the distance to which it will elongate before breaking 
when two ends o f a briquette specimen of the material are pulled apart at a 
specified speed (50 mm per minute) and temperature (77° F, 25° C). The results 
o f the ductility tests are controversial, as it is believed that the temperature of 
testing is too high and that a much lower temperature should be used, because 
lack of ductility or brittleness is more serious in colder weather. The test is 
believed to measure the adhesiveness and elasticity of the asphalt. The property 
o f adhesiveness is most important, since asphalt cement is used to bind the 
stone, sand, and fille r to make bituminous concrete. (Goetz, W.H; and Wood,
L.E; 1960)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Bending Beam Rheometer-Creep Stiffness
Flexural creep, a material characteristic is determined by a test in which a 
simply supported beam is loaded with a constant load at its mid point and the 
deflection o f the beam is measured with respect to loading time. Flexural creep 
stiffness S(t) is the ratio obtained by dividing the maximum bending stress in the 
beam by the maximum bending strain. AASHTO TP1 {Determining the Flexural 
Creep Stiffness o f Asphalt Binder using the Bending Beam Rheometer (BBR)} 
describes this procedure in detail. The bending Beam Rheometer measures the 
m id-point deflection of a simply supported prismatic beam o f asphalt binder 
subjected to a constant load applied to the mid-point of the beam. The device 
operates only in the loading mode; Recovery measurements are not obtained. A 
test beam is placed in the controlled temperature fluid bath and loaded with a 
constant load for 240 seconds. The test load (980 mN) and the mid-point 
deflection of the beam are monitored versus tim e using a computerized data 
acquisition system.
The maximum bending stress at the mid-point of the beam is calculated 
from the dimensions of the beam, the span length and the load applied to the 
beam for loading times of 8,15,30,60,120 and 240 seconds. The maximum 
bending strain in the beam is calculated for the same loading times from the 
dimensions of the beam and the deflection of the beam. The stiffness of the 
beam fo r the loading time specified above is calculated by dividing the maximum 
stress by the maximum strain.
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Bending Beam Rheometer m-Value
The BBR m value is defined as the absolute value o f the slope o f the 
logarithm o f the stiffness versus the logarithm of time curve.
Direct Tension
Numerous studies o f low temperature asphalt binder behavior have 
shown that there is a strong relationship between stiffness o f asphalts binder and 
the amount of stretching they undergo before breaking. Asphalt that undergo 
considerable stretching before failure are called “ductile”; those that break 
without much stretching are called “brittle”. It is important that an asphalt binder 
be capable o f a minimal amount of elongation. Typically, stiffer asphalt is more 
brittle and softer asphalt is more ductile. The equipment that measures the 
amount o f binder strain before failure at very low temperatures is the Direct 
Tension Tester (DTT). The test is performed at a temperature range where 
asphalt generally exhibits brittle behavior (0 ° C to -36 ° C, standard is -12° C). 
Furthermore, the test is performed on binders that have been aged in both RTFO 
and Pressure Aging Vessel (PAV).
This method describes the procedure used to measure the strain at failure 
and stress at failure in an asphalt binder test specimen pulled at a constant rate 
o f elongation. This procedure was developed for asphalt binders at 
temperatures where they exhibit brittle or brittle-ductile failure. The test is not 
applicable at temperatures where failure is by ductile flow. A non-contact 
extensometer is used to measure the elongation o f the test specimen as it is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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pulled in tension at a constant rate o f elongation of 1 mm per minute. The 
maximum load developed during the test is monitored and the tensile strain and 
stress in the test specimen when the load reaches its maximum level is reported 
as the failure strain and failure stress respectively. Strain at failure is used as a 
criterion for specifying the low temperature properties o f asphalt binder.
The test is designed to identify the temperature region where the asphalt 
binder has limited ability to elongate without cracking. In the asphalt binder 
specification a lower lim it is placed on the allowable strain to failure at a specified 
temperature and rate of elongation. For evaluating an asphalt binder for 
conformance to MPI, the elongation rate is 1.0 mm per minute and the test 
temperature is selected from table 1 of MPI (specifications fo r performance 
graded asphalt binders) according to the grade of asphalt binder. Other rates of 
elongation and test temperatures may be used to test asphalt binders.
Grading o f Asphalt Cement 
Asphalt cement when used as a binder material in hot mix asphalt (HMA) 
fo r construction o f flexible pavement should meet the requirements o f quality and 
consistency. For this purpose, asphalt cements are graded on the basis o f their 
consistency. Generally, there is no single, uniform standard set of HMA 
classification used by the various public agencies. Each agency usually has its 
own designation for identifying various niixture types. W hile most HMA mixtures 
have a typical design use, these mixes offer a wide range o f performance 
characteristics, and there is substantial overlap of mixture application. The
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grading o f asphalt cement is based on four different systems: penetration, 
viscosity, viscosity after laboratory aging and Superpave. These four different 
systems are described below.
Penetration Grading
ASTM D 8 {Materials fo r Roads and Pavements} defines “Asphalt 
Cements” as Fluxed or Un-fluxed Asphalt, specially prepared as to quality and 
consistency fo r direct use in the manufacture of bituminous pavements and 
having a penetration of between 5 and 300 at 77 F (25° C) under a load of 
lOOg applied for 5 seconds. The first and earliest method o f grading asphalt 
cement is by penetration testing.
Penetration Grading of asphalt cements is a classification system based 
on penetration of a standard needle in multiples of 0.1 mm at 25 °. C (77 °. F). 
There are five standard paving grades of asphalt cement according to this 
system: 40-50, 60-70, 85-100, 120-150, and 200-300. Grade 200-300 indicates 
that under specific conditions of temperature (77 ° F or 25 ° C) pressure (100 g) 
applied fo r the standard duration (5 seconds), the test needle will penetrate 200 
to 300 times (0.1) millimeters into the sample. This indicates “soft” asphalt. 
Grade 40-50, on the other hand indicates “hard” asphalt into which the needle 
will be able to penetrate only from 40 to 50 times (.01) millimeter.
Viscosity Grading
Viscosity o f original, virgin, Asphalt Cement (AC) is obtained from the 
source. The standard test temperature for determining consistency by this
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method is 140 ° F or 60 ° C. Viscosity of Asphalt Residuum (AR) is determined 
after subjecting a sample of original cement to an aging process in RTFO in the 
laboratory, or asphalt cement from a core extracted from compacted pavement. 
The standard test temperature for determining consistency by this method is also 
140° F or 60° C.
The system most widely used in the United States is based on viscosity of 
asphalt cement. In this system, the poise is the standard unit o f measurement for 
absolute viscosity. The greater the value o f viscosity in poises, the more viscous 
the asphalt- For example AC-2.5 (Asphalt Cement with a viscosity of 250 poises 
at 140° F or 60°  C) is referred to as a “soft” asphalt. AC-40 (Asphalt cement 
with a viscosity of 4000 poises at 140 ° F or 60 ° C) is known as a “hard” asphalt. 
There are four grades between these two extremes, which are AC-5, AC-10, AC- 
20 and AC-30 with a viscosity o f 500, 1000, 2000 and 3000 poises respectively.
Viscosity After Laboratory Aging Grading
Several western states grade asphalt according to their viscosity after 
aging. The purpose is to identify what the viscosity characteristics will be after it 
is placed in the pavement. To simulate aging in the asphalt plant during mixing, 
the asphalt is subjected to an aging exposure test (Rolling Thin Film Oven or 
RTFO test) in the laboratory. The asphalt residue that remains after the aging is 
then graded according to its viscosity as AR (Aged Residue) 10 through AR 160. 
Again the poise is the standard unit of measurement. AR10 with an absolute 
viscosity of 1000 poises at 140 ° F or 60 ° C is referred to as “soft” asphalt while
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AR 160 with a viscosity o f 16000 at the same temperature is referred to as “hard” 
asphalt. There are three grades of asphalts in the ascending order of viscosity 
between these two extremes. They are AR-20, AR-40 and AR- 80 with an 
absolute viscosity o f 2000, 4000 and 8000 poises respectively at 140 ° F or 60 ° 
C.
A summary of grading based on these three systems and the applicable 
AASHTO and ASTM standards is given in the following table:
Table 2.2. Summary of Asphalt Grading Systems Based on Laboratory Testing
Hot Mix Asphalt Grades Applicable Procedure
Pen 40-50, 60-70, 85-100, 120-150, 200-300 AASHTO -M 20
AC 2.5, 5, 10, 20.40 AASHTO- M226
AR 10, 20, 40, 80, 160 AASHTO -M 226
Superpave and Performance Based Grades
In 1987 the Strategic Highway Research Program (SHRP) began 
developing a new system for specifying asphalt materials. The final product of 
the SHRP asphalt research program is a new system referred to as “Super-pave" 
which stands fo r Superior Performing Asphalt Pavements.
The term “Super-pave” refers to an improved system for specifying criteria 
for selecting component materials for asphalt mix design that includes test 
equipment, test methods and analysis of pavement performance and pavement 
life prediction. One portion o f Super-pave is a new asphalt binder specification 
with a new set o f tests to match. The document is called a binder specification
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because it is intended to function equally well fo r modified as well as unmodified 
asphalt. The new system for specifying asphalt binders is unique in that it is a 
performance-based specification. It specifies binders on the basis o f the climate 
and attendant pavement temperatures in which the binder is expected to serve. 
Physical property requirements remain the same but the temperature at which 
the binder must attain the property changes.
Recognizing the deficiencies in the existing system, the Strategic Highway 
Research Program (SHRP) began developing new tests for measuring the 
physical properties o f asphalt. A  major result o f this $50 million research is the 
SUPERPAVE binder specification, which requires a new set o f test equipment 
and procedures. Contrary to the previous grading systems, the Superpave 
binder specification is theoretically based directly on performance rather than 
empirical relationships between basic physical properties and observed 
performance. Performance Graded (PG) binders are selected based on the 
climate in which the pavement will serve. Unlike all other systems, the physical 
property requirements are constant among all performance grades. The 
distinction among the various binder grades is the specified minimum and 
maximum temperatures at which the requirements must be met. For example, a 
binder classified as a PG 76-22 means that the binder w ill meet the high 
temperature physical property requirements up to a temperature o f 76° C and 
the low physical temperature property requirements down to -22° C.
Both AASHTO and ASTM are currently evaluating the Superpave binder 
certification and the test methods used to characterize asphalt in it. The
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Superpave tests measure physical properties that can be related directly to field 
performance by engineering principles. The superpave binder tests are also 
conducted at temperatures that are encountered in-service pavements. The 
center theme of the superpave binder specifications is its reliance on testing 
asphalt binders in conditions that simulate the three critical stages during the 
binder’s life. Test performed on the original asphalt represent the firs t stage of 
transport, storage, and handling. The second stage represents the asphalt during 
mix production and construction and is simulated for the specification by aging 
the binder in a Rolling Thin Film Oven (RTFO). This procedure exposes thin 
binder film s to heat and air and approximates the aging of the asphalt during 
mixing and construction. The third stage occurs as the binder ages over a long 
period as part o f the hot mix asphalt pavement layer. The Pressure Aging Vessel 
(PAV) simulates this stage for the specification. As mentioned earlier, this 
procedure exposes binder samples to heat and pressure in order to simulate 
years of in-service aging in a pavement.
Asphalt binders age primarily due to two different mechanisms: 
volatilization of light oils present in the asphalt and oxidation by reacting with the 
oxygen in the environment. The blending and agitation in the batch plant and 
during placement ages the binder by both mechanisms because of the high 
temperature and airflow involved in the process. The superpave specification 
uses the RTFO procedures to simulate this form of aging. After the asphalt 
pavement is constructed, aging continues, but the oxidation mechanism 
dominates because of the relatively moderate temperatures of the environment.
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The superpave specification uses the PAV procedure to simulate this in-service 
aging. It should be noted that binder samples aged in the PAV have already 
been aged in the RTFO. Consequently, PAV residue represents binder that has 
been exposed to all o f the environmental conditions to which binders are 
subjected during production and service.
Asphalt Property Requirements 
The purpose of these tests is, either to verify compliance with the project 
requirements for acceptance o f the completed project by the owner and by the 
governing agency, or to develop data fo r further research that may be used fo r 
an overall improvement in the quality control process followed by various parties 
involved. The prevailing codes of the governing agencies are largely responsible 
to determine which of these tests are applied for either of the two stated 
purposes. These tests may be performed on samples obtained from the 
following procedures.












Kinematic Viscosity (cS) Minimum: 400
Penetration (0.1 mm) Minimum: 40
Flash Point (° F) Minimum: 450
Solubility (%) Minimum: 99
RTFO
Absolute Viscosity (Poises) Maximum: 16000 No RTFO 
Test on 
PG76-22
Loss on Heating (%) Maximum: 0.5
PAV Absolute Viscosity (Poises) No PAV Testing on AC-40 Maximum:16000
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Table 2.4. In-Place Sample Testing Required By Clark County Public Works
Test AC-40 PG76-22
Absolute Viscosity (Poises) Maximum 16000 Not Required
Kinematic Viscosity (cS) Minimum 550 Not Required
Penetration (0.1 mm) Minimum: 20 Minimum: 20
Ductility (cm minute) Minimum: 25 Minimum: 25
BBR Creep Stiffness (MPa) Maximum: 300 Maximum: 300
BBR m Value Minimum: 0.3 Minimum: 0.3
Direct Tension (failure strain, %) Minimum: 1.0 Minimum: 1.3
How Asphalt Cement is Accepted
The pavement contractors include in the ir mix design, test results of 
acceptance tests performed by the manufacturer on the source and RTFO 
samples fo r approval o f the owner and the governing agency. After a 
professional review o f the results, the source sample is accepted for use in the 
designed mix subject to the condition that core samples will be extracted from 
the pavement and the asphalt cement recovered from in-place samples will meet 
the requirements o f the project specifications as approved by the governing 
agency. A comparison is made between the test results of in-place samples and 
RTFO samples to determine compliance with the acceptance criteria.
Field Verification
Field verification o f hot mix asphalt (HMA) is necessary to measure what 
differences exist and to determine what, if any, corrective measures need to be 
taken (Asphalt Institute, MS-2,1997). It is important to note that mix design 
criteria apply equally to both field produced and laboratory mixed mixtures.
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Normally, a total quality management system will have four important phases 
within the overall project; pre-production sampling and testing, initial job-m ix 
form ula verification, daily job-mix control testing during production, and in-place 
acceptance testing (Asphalt Institute, MS-18, 1984).
To ensure compliance with this requirement, Clark County Public Works 
(CCPW) department mandates the manufacturer to provide a “Standard Binder 
Report”, which contains a certificate o f compliance and a test report from the 
producer indicating results of viscosity (absolute and kinematic), penetration, 
flash point and solubility tests performed on virgin sample. The report also 
indicates test values on “Loss on Heating” and “Absolute Viscosity” tests 
performed on Rolling Thin Film Oven (RTFO) residue. After the pavement has 
been placed and compacted, asphalt cement is extracted from the cores taken 
out o f the compacted pavement. The extracted cement is then tested fo r the 
following seven properties: absolute viscosity, kinematic viscosity, penetration, 
ductility, BBR Creep Stiffness, BBR m-value and direct tension. Results o f the 
absolute viscosity test from in-place samples could then be compared with the 
result o f absolute viscosity of RTFO sample given in the standard binder report 
to verify compliance with the CCPW requirements. According to the CCPW 
Section 703 guidelines, the “in-place” testing for the other six properties is 
conducted for reporting and data gathering purpose only and will not be used as 
acceptance criteria. They will however be used as a potential indicator o f a 
problem, only if the results lie 50% over the maximum (or minimum) indicated 
limit.
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CHAPTER 3
METHODOLOGY AND DATA GATHERING 
This chapter describes the methodology o f the study and the data 
gathering process involved in this study. These are presented below.
Methodology
A schematic Flow Chart of the study performed is depicted in Figure 3.1. 
The asphalt supplier sends a sample of "Original" binder to a testing laboratory 
with a request to perform necessary tests required to pre-qualify the binder fo r 
use in a pavement project. If the project happens to be a public facility owned by 
Clark County or a private pavement construction within the jurisdiction o f the 
Clark County, the laboratory performs tests required by the county. These tests 
are absolute viscosity, kinematic viscosity, penetration, flash point, and solubility 
on the virgin binder in order to pre-qualify the binder for use in the project. If the 
binder passes all the pre-qualification tests, the supplier attaches the test report 
from the laboratory which is known as the "Standard Binder Report" to a 
certificate of compliance stating that the binder has met all the acceptance 
criteria required by the county, and sends it to the county for approval. Based on 
the results o f tests performed on original binder and the certificate o f compliance 
from the supplier, the county approves the use of binder for the pavement 
project.
24


























Asphalt Sent to 
Laboratory
Asphalt Supplier




Sample Tested in Rolling 
Thin Film Oven (RTFO) and 






1. Asphalt Mixed With Aggregates in Batch Plant
2. Asphalt Placed in Field
3. Sample Taken and Tested
Figure 3.1. Schematic Flow Chart of Study NÏtn
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The laboratory processes a part o f the original sample in the RTFO. The 
RTFO processed sample is tested to determine the values o f absolute viscosity 
and loss on heating. The results o f these tests also constitute acceptance 
criteria and are included in the standard binder report.
The RTFO processed sample is processed again in the PAV, and the 
PAV processed sample is tested to determine the properties o f BBR creep 
stiffness, BBR m-value, and direct tension failure strain.
When construction of the pavement is completed, core samples are cut 
and binder is extracted from the cores. The in-place binder is tested to determine 
properties o f absolute viscosity, kinematic viscosity, penetration, ductility, BBR 
creep stiffness, BBR m-value, and direct tension failure strain. Results o f the 
absolute viscosity tests o f in-place samples are compared with those o f RTFO 
sample of the binder. The other six tests are recorded for data gathering and 
research purposes only and are not used as acceptance criteria.
"h is research was conducted to perform a comparative study o f in-place 
anc _,rce sample on the following five properties:
■ Absolute Viscosity
■ Penetration
■ BBR Creep Stiffness
■ BBR m-value
■ Direct Tension.
For comparison o f absolute viscosity and penetration values, RTFO processed 
samples of source material were used. For comparison of BBR creep stiffness, 
BBR m-value and direct tension failure strain tests, PAV processed source
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samples were used. The comparisons with the various asphalt properties are 
shown in Table 3.1.
Table 3.1.Asphalt Properties Used in Study
Property Field Laboratory AgedRTFO PAV
Absolute Viscosity X X
Penetration X X
BBR Creep X X
BBR m Value X X
Direct Tension X X
Data Gathering
Data were gathered from project files that were available in the two offices 
o f Clark County Department of Public Works, located on Paradise Road and in 
the downtown Las Vegas government complex. It was noted that in the majority 
o f cases AC-40 and PG 76-22 grades o f asphalt manufactured by Koch 
Company were used. A review of several project files indicated that contractors 
are using performance grade (PG) more frequently. For the purpose of this study 
test data on in-place samples was gathered on 20 samples of Koch 76-22, 39 
samples of Koch AC-40 and 5 samples o f Golden Bear AC-40 taken from 
pavements o f several road projects in the Clark county area. Results o f tests 
performed on these in-place samples and corresponding parallel tests performed 
on the source sample and laboratory-aged source samples are given in tables 
3.2 through 3.7 below.
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Table 3.2. Laboratory est Results for Koch AC76-22






















Table 3.3. Field Testing Results for Koch AC76-22
A bsolu te  V iscos ity Penetration BBR BBR m D irect
(Poises) (0.1 mm) Creep Value Tension
33,533 59 146 0.334 0.98
36,467 59 126 0.33 1.16
37,485 63 92.2 0.348 1.66
76,129 48 126 0.342 2.73
115,533 39 158 0.326 1.91
105,970 38 159 0.315 1.02
71,679 46 143 0.343 1.64
57,561 45 141 . 0.338 2.9
45,553 47 144 0.335 1.81
60.671 43 136 0.327 1.53
41,522 51 128 0.339 1.45
64,467 44 158 0.323 1.88
115,016 43 160 0.321 1.86
83,273 43 174 0.314 1.13
79,785 43 167 0.312 1.37
116,792 42 164 0.308 1.15
150,865 40 182 0.303 1.28
157,252 38 162 0.326 1.29
54,825 55 114 0.352 2.5
33,270 45 135 0.327 1.94
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
29
Table 3.4. Laboratory 1resting Results for Gold en Bear AC-40















3,107 11,275 72 46 N/A N/A N/A
4,085 16,350 53 35 N/A N/A N/A
4,069 12,034 49 33 . N/A N/A N/A
4,113 16,180 51 32 N/A N/A N/A
5,363 17,011 37 24 N/A N/A N/A
4,180 14,742 51 28 N/A N/A N/A
4,521 10,621 46 34 286 0.316 1.56
4,173 9,203 44 31 279 0.31 1.48
4,208 9,557 43 32 290 0.311 1.4











12,085 47 135 0.324 1.15
10,930 42 179 0.312 0.53
7,276 56 140 0.336 1.65
22,752 42 128 0.299 0.72
13,726 56 118 0.329 0.85
Table 3.6. Laboratory esting Results for Koch AC-40















3,716 11,733 44 28 N/A N/A N/A
3,690 11,334 51 31 N/A N/A N/A
3,788 12,563 49 27 243 0.298 N/A
3,267 12,563 50 27 243 0.298 N/A
3,345 12,239 45 25 243 0.298 N/A
3,325 10,937 35 . 24 N/A N/A N/A
3,345 8,603 41 25 243 0.289 N/A
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Table 3 .7 . Field Testing Results fo r Koc h A C -4 0
Absolute Viscosity Penetration (0.1 BBR Creep BBR m Direct(Poises) mm) Value Tension
22,895 35 158 0.294 0.57
15,795 38 162 0.286 0.57
20,056 42 206 0.272 0.7
17,100 40 190 0.294 0.74
5,994 40 245 0.325 0.75
5,941 41 268 0.309 0.65
12,512 25 224 0.335 0.82
13,210 29 259 0.306 0.73
13,321 29 245 0.32 1.1
7,896 34 242 0.307 1.03
12,118 30 186 0.352 1.01
14,402 28 245 0.318 0.89
10,234 28 274 0.302 1.36
13,612 29 178 0.326 1.036
10,706 30 N/A N/A N/A
9,193 36 270 0.304 0.78
11,089 30 N/A N/A N/A
11,771 32 N/A N/A N/A
8,271 41 N/A N/A N/A
10,983 32 226 0.321 0.6
14,589 29 N/A N/A N/A
15,573 27 184 0.328 0.98
13,696 28 247 0.298 0.57
12,435 30 229 0.313 1.28
5,751 55 91 0.333 N/A
12,465 42 58 0.424 N/A
5,059 60 32 0.476 N/A
9,496 47 44 0.451 N/A
5,343 58 149 0.329 1.78
6,046 51 152 0.333 1.29
7,928 46 202 0.308 0.84
5,961 53 176 0.321 0.88
10,351 44 213 0.309 1.08
7,166 46 187 0.307 0.82
11,995 37 241 0.288 0.76
17,455 37 N/A N/A 0.66
8,826 40 182 0.298 0.76
12,424 39 210 0.303 1
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CHAPTER 4 
DATA ANALYSIS
A statistical analysis computer program was used to compare the field test 
results and the laboratory aged test results. The statistical methods and 
conclusions are presented below.
Descriptive Statistics 
The following tables present the descriptive statistics for the three data 
sets used in the statistical analyses. The descriptive statistics included in Table 
4.1 are the number of sample (N), the mean of the sample set (Mean) and the 
standard deviation of the sample set (St. Dev).
Table 4.1. Descriptive Statistics for Data Set Used in Statistical Analyses





N = 39 N = 5 N = 20
Mean=12727 Mean = 13354 Mean = 76882
S t Dev. = 9785 S t Dev. = 5764 S t Dev. = 32301
RTFO
N = 7 N = 9 No Test Data 
AvailableMean = 11425 Mean = 12997S t Dev. = 1388 S t Dev. = 3088
Penetration
Field
N = 39 N = 5 N = 20
Mean = 37.51 Mean = 48.60 Mean = 46.55
S t Dev. = 9.33 S t Dev. = 7.06 S t Dev. = 7.27
RTFO
N = 7 N = 9 No Test Data 
AvailableMean = 26.71 Mean = 32.78S t Dev. = 2.36 S t Dev. =5.97
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N = 33 N = 5 N = 20
Mean = 195.5 Mean = 140.00 Mean = 145.8
S t Dev. = 64.4 S t Dev. = 23.3 S t Dev. = 21.8
PAV
N = 4 N = 3 N = 6
Mean = 243 Mean = 285.00 Mean = 140.8
S t Dev. = 0.00 S t Dev. = 5.57 S t Dev. = 24.2
BBR m Value
Field
N = 33 N = 5 N = 20
Mean = 0.3226 Mean = 0.32 Mean = 0.3282
S t Dev. = 0.0456 St Dev. = 0.0146 S t Dev. = 0.0134
PAV
N = 4 N = 3 N = 6
Mean = 0.29575 Mean = 0.31233 Mean = 0.3365
S t Dev. = 0.0045 S t Dev. = 0.0032 S t Dev. = 0.0065
Direct Tension
Field
N = 30 N = 5 N = 20
Mean = 0.8859 Mean = 0.98 Mean = 1.66
S t Dev. = 0.2796 St Dev. = 0.437 S t Dev. = 0.549
PAV No Test Data Available
N = 3 N = 6
Mean = 1.48 Mean = 2.20
S t Dev. = 0.08 St Dev. = 1.72
Comparison to Minimum and Maximum Acceptance Criteria 
A  schematic representation of filed and laboratory aged properties versus 
county specifications for the three types of binder used in this study is presented 
in figures 4.1 through 4.3
Figure 4.1 indicates that the field samples of Koch AC-40 binder have 
failed to meet the county requirements for direct tension failure strain test, while 
the laboratory-aged samples have failed in BBR m-value test. As mentioned 
earlier the county does not use the requirements on these tests as acceptance 
criteria for the binder but only for data gathering purposes in future studies.
Figure 4.2 indicates failure of Golden Bear AC-40 field-extracted binder to 
meet the county requirements for direct tension failure strain test, which, as 
stated earlier, does not constitute an acceptance criteria.
Figure 4.3 indicates that Koch PG 76-22 binder used in laboratory aging 
has met all county requirements for these five tests. The average value of














































































Figure 4.1. Schematic Representation of Field and Aged Laboratory Properties Versus County Specifications for Koch




































































Figure 4.2. Schematic Representation of Fieid and Aged Laboratory Properties Versus County Specifications for












































































Figure 4.3. Schematic Representation of Field and Aged Laboratory Properties Versus County Specifications for
Koch PG76-22 (Not To Scale).
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absolute viscosity fo r field sample is considerably higher than the maximum 
specified by the county. However the county does not require this test for the 
PG 76-22 grade binder as indicated in table 2.4
Finally it is observed that all grades o f these two brands used in this study 
have successfully passed the acceptance criteria as their laboratory aged and 
field-extracted samples have met the county requirements fo r acceptance 
criteria.
Statistical Analysis
The problem of comparing field data to laboratory aged data (either RTFO 
or PAV data) is formulated as testing the null hypothesis: (Walpoe and Myers, 
1985)
Ho: p  FIELD =  Ml a b o r a t o r y a g e d
Versus
H i :  Mf ie l d  Ml a b o r a t o r y a g e d
Where p denotes the mean of the population characteristics. For this study, the 
population characteristics are absolute viscosity, penetration, BBR creep value, 
BBR m value and direct tension failure strain. All o f the 2-sided t-tests were 
performed at the test size a of 0.05.
The 2-sample t-tests were run both ways
■ Assuming equal variances
■ Assuming unequal variances.
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The results obtained by the above two tests were very sim ilar, so the P-values 
reported are fo r the case where it was assumed the variances of the populations 
were equal. The results of the statistical analyses are presented in Table 4.2.
The P-value, also called the significance probability, is the probability o f 
observing a value more extreme than the sample value o f the t-statistic, 
assuming that the null hypothesis is true. In this sense, the P-value is the 
evidence in favor o f Ho. If P<a, Ho is rejected, otherwise it is accepted. If the P- 
value is very small, then the rejection o f Hq is very strong. If the P-value is high, 
then the acceptance of Ho is strong.
Table 4.2. Results o f the Statistical Analyses
Property Koch AC-40 Golden Bear AC-40 Koch PG76-22
Absolute Viscosity M fie ld  =  M r t fo  P = 0.729
M fie ld  =  M r t fo  
P = 0.881 No RTFO Test Data
Penetration M fie ld  ^  M r t fo  P = 0.004
MFIELD ^  M r t fo  
P = 0.001 No RTFO Test Data
BBR Creep 
Stiffness
M fie ld  ^ 243 * *
95% Confidence Interval 
(172.7-218.3)
M fie ld  ^  Mpav 
P = 0.000
M r e ld  =  Mpav 
P = 0.640
BBR m Value M fie ld  ^  Mpav P = 0.003
M fie ld  ~  Mpav 
P = 0.419
M fie ld  — Mpav  
P = 0.159
Direct Tension No PAV Test Data MFIELD =  M r t fo  P = 0.106
M fie ld  =  M r t fo  
P = 0.221
Notes:
Only a single value was reported for RTFO Test Value 
only a single value was reported for the PAV test value
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CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS 
Discussion of Results 
The mixing operation in the batch plant is supposed to simulate the RTFO 
aging in the laboratory while the PAV aging is designed to simulate field 
conditions to which binder is exposed in service. As the core samples are 
extracted from the pavement between 24 to 48 hours after the placement, the 
county requires that the field-extracted binder should be aged by PAV 
processing before testing for BBR creep stiffness, BBR m-value and direct 
tension failure strain tests.
By not including the requirements for these tests into acceptance criteria, the 
county is acknowledging that more research is needed to implement the results 
o f these tests in superpave mix designs. The inconclusive evidence to indicate 
if there is any difference in values of BBR creep stiffness, BBR m value and 
direct tension failure strain tests between the in-place and laboratory-aged 
samples, as found in this study, also indicates the need fo r more research.
38
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Conclusions and Recommendations 
Based on the results o f statistical analysis the following conclusions are
drawn:
1. There is no significant difference in the results o f absolute viscosity and 
direct tension failure strain tests between in-place and laboratory-aged samples.
2. The results of penetration tests performed on in-place samples differ 
significantly from those performed on laboratory-aged samples.
3.There is no conclusive evidence to indicate if there is any difference in 
values o f BBR creep stiffness and BBR m value tests between the in-place and 
laboratory-aged samples.
Based on these findings it may be concluded that the laboratory aging 
process affects the physical characteristics of the binder and changes the binder 
in a different way than the binder that goes through the batch plant mixing 
process. The Absolute Viscosity test fails to detect this change while the 
Penetration test detects it.
Further research and studies are recommended to evaluate the effects of 
laboratory aging versus field aging on BBR creep stiffness, BBR m-value and 
direct tension failure strain tests.
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RESULTS for Koch PG 76-22
One-Sample T : Field Absolute Viscosity (AbsVisc_F) and Field Penetration 
(Pen_F)
Variable N Mean StDev SE Mean 95.0% Cl
AbsVisc_F 20 76882 38301 8564 (58957, 94808)
Pen_F 20 46.55 7.27 1.62 (43.15,49.95)
Descriptive Statistics for:
Field Absolute Viscosity (AbsVisc_F) 
Field Penetration (Pen_F)
Field BBR Creep Stiffness (BBRCrp_F) 
PAV BBR Creep Stiffness (BBRCrp_PAV) 
Field BBR m Value (BBRmV_F)
PAV BBR m Value (BBRmV_P)
Variable N Mean Median TrMean StDev SE Mean
AbsVlsc_F 20 76882 68073 74840 38301 8564
Pen F 20 46.55 44.50 46.11 7.27 1.62
BBRCrp_F 20 145.76 145.00 146.72 21.83 4.88
BBRCrp P 6 140.83 143.50 140.83 24.20 9.88
BBRmV F 20 0.32815 0.32700 0.32822 0.01345 0.00301
BBRmV PA 6 0.33650 0.33800 0.33650 0.00650 0.00266
DT F 20 1.660 1.585 1.628 0.549 0.123
DT_PAV 6 2.200 2.016 2.200 1.721 0.703
Variable Minimum Maximum Q1 Q3
AbsVisc_F 33270 157252 42530 112755
Pen_F 38.00 63.00 42.25 50.25
BBRCrp F 92.20 182.00 129.75 161.50
BBRCrp_P 106.00 174.00 119.50 159.00
BBRmV F 0.30300 0.35200 0.31650 0.33875
BBRmV PA 0.32400 0.34200 0.33300 0.34125
DT F 0.980 2.900 1.190 1.902
DT PAV 0.000 4.100 0.735 4.093
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Two-Sample T-Testand Cl: BBRCrp_F, BBRCrp_PAV
(Assuming Equal Variances)
Two-sample T for BBRCrp_F vs BBRCrp_PAV
N Mean StDev SE Mean
20 145.8 21.8 4.9
6 140.8 24.2 9.9
BBRCrp_F 
BBRCrp_P
Difference = mu BBRCrp_F - mu BBRCrp_PAV
Estimate for difference: 4.9
95% 01 for difference: (-16.5, 26.4)
T-Test o f difference = 0 (vs not =): T-Value = 0.47 P-Value = 0.640 DF = 24 
Both use Pooled StDev = 22.3
Two-Sample T-Testand Cl: BBRCrp_F, BBRCrp_PAV 
(Assuming Unequal Variances)
Two-sample T  for BBRCrp F vs BBRCrp_PAV
N Mean StDev SE Mean
20 145.8 21.8 4.9
6 140.8 24.2 9.9
BBRCrp_F 
BBRCrp_P
Difference = mu BBRCrp_F - mu BBRCrp_PAV
Estimate for difference: 4.9
95% Cl for difference: (-21.2, 31.0)
T-Test o f difference = 0 (vs not =): T-Value = 0.45 P-Value = 0.668 DF = 7
Two-Sample T-Testand Cl: BBRmV_F, BBRmV_PAV 
(Assuming Equal Variances)
Two-sample T for BBRmV_F vs BBRmV_PAV
N Mean StDev SE Mean
BBRmV_F 20 0.3282 0.0134 0.0030
BBRmV_PA 6 0.33650 0.00650 0.0027
Difference = mu BBRmV_F - mu BBRmV_PAV
Estimate fo r difference: -0.00835
95% Cl for difference: (-0.02019, 0.00349)
T-Test o f difference = 0 (vs not =): T-Value = -1.46 P-Value = 0.159 DF = 24 
Both use Pooled StDev = 0.0123
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Two-Sample T-Test and Cl: BBRmV_F, BBRmV_PAV
(Assuming Unequal Variances)
Two-sample T  for BBRmV_F vs BBRmV PAV
N Mean StDev SE Mean
BBRmV_F 20 0.3282 0.0134 0.0030
BBRmV_PA 6 0.33650 0.00650 0.0027
Difference = mu BBRmV_F - mu BBRmV_PAV
Estimate for difference: -0.00835
95% 01 for difference: (-0.01678, 0.00008)
T-Test o f difference = 0 (vs not =): T-Value = -2.08 P-Value = 0.052 DF = 18
Two-Sample T-Testand Cl: DT_F, DT_PAV 
(Assuming Equal Variances)
Two-sample T fo r DT_F vs DT PAV
N Mean StDev SE Mean
DT F 20 1.660 0.549 0.12
DT PAV 6 2.20 1.72 0.70
Difference = mu DT_F - mu DT_PAV 
Estimate for difference: -0.541 
95% Cl for difference: (-1.430, 0.348)
T-Test o f difference = 0 (vs not =): T-Value = -1.26 P-Value = 0.221 DF = 24 
Both use Pooled StDev = 0.925
Two-Sample T-Testand Cl: DT_F, DT_PAV 
(Assuming Unequal Variances)
Two-sample T for DT F vs DT_PAV
N Mean StDev SE Mean
DT F 20 1.660 0.549 0.12
DT PAV 6 2.20 1.72 0.70
Difference = mu DT_F - mu DT_PAV 
Estimate for difference: -0.541 
95% Cl for difference: (-2.374, 1.293)
T-Test o f difference = 0 (vs not =): T-Value = -0.76 P-Value = 0.482 DF = 5
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Results for: GldnBrAC40
Two-Sample T-Test and Cl: Field Absolute Viscosity (AbsVisc_F) and RTFO 
Absolute Viscosity (AbsVisc_RTFO)
(Assuming Equal Variances)
Two-sample T  for AbsVlso_F vs AbsVisc_RTFO
N Mean StDev SE Mean
AbsVisc_F 5 13354 5764 2578
AbsVlsc_RTFO 9 12997 3088 1029
Difference = mu AbsVisc F - mu AbsVisc RTFO 
Estimate for difference: 357 .
95% Cl for difference: (-4717. 5431)
T-Test o f difference = 0 (vs not =): T-Value = 0.15 P-Value = 0.881 DF = 12 
Both use Pooled StDev = 4175
Two-Sample T-Test and Cl: AbsVisc_F, AbsVisc_RTFO 
(Assuming Unequal Variances)
Two-sample T for AbsVisc_F vs AbsVisc_RTFO
N Mean StDev SE Mean 
AbsVisc_F 5 13354 5764 2578
AbsVisc_RTFO 9 12997 3088 1029
Difference = mu AbsVisc_F - mu AbsVisc RTFO
Estimate for difference: 357
95% Cl for difference: (-6779, 7492)
T-Test of difference = 0 (vs not =): T-Value = 0.13 P-Value = 0.903 DF = 5
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Two-Sample T-Test and Cl: Field Penetration (Pen_F) and RTFO 
Penetration (Pen_RTFO)
(Assuming Equal Variances)
Two-sample T  for Pen_F vs Pen_RTFO
N Mean StDev SE Mean
Pen_ F 5 48.60 7.06 3.2
Pen RTFO 9 32.78 5.97 2.0
Difference = mu Pen_F - mu Pen RTFO 
Estimate for difference: 15.82 
95% Cl for difference: (8.10, 23.55)
T-Test o f difference = 0 (vs not =): T-Value = 4.46 P-Value = 0.001 DF =12 
Both use Pooled StDev = 6.36
Two-Sample T-Test and Cl: Pen_F, Pen_RTFO 
(Assuming Unequal Variances)
Two-sample T  for Pen_F vs Pen_RTFO
N Mean StDev SE Mean
Pen F 5 48.60 7.06 3.2
Pen RTFO 9 32.78 5.97 2.0
Difference = mu Pen_F - mu Pen_RTFO 
Estimate fo r difference: 15.82 
95% Cl for difference: (6.99, 24.65)
T-Test o f difference = 0 (vs not =): T-Value = 4.24 P-Value = 0.004 DF = 7
Two-Sample T-Test and Cl: Field BBR Creep Stiffness (BBRCrp_F) and PAV 
BBR Creep Stiffness (BBRCrp_PAV)
(Assuming Equal Variances)
Two-sample T for BBRCrp_F vs BBRCrp_PAV
N Mean StDev SE Mean
BBRCrp F 5 140.0 23.3 10
BBRCrp_PAV 3 285.00 5.57 3.2
Difference = mu BBRCrp_F - mu BBRCrp_PAV
Estimate fo r difference: -145.0
95% Cl for difference: (-179.5, -110.5)
T-Test o f difference = 0 (vs not =): T-Value = -10.29 P-Value = 0.000 DF = 6 
Both use Pooled StDev = 19.3
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Two-Sample T-Test and Cl: BBRCrp_F, BBRCrp_PAV
(Assuming Unequal Variances)
Two-sample T fo r BBRCrp_F vs BBRCrp_PAV
N Mean StDev SE Mean
BBRCrp F 5 140.0 23.3 10
BBRCrp_PAV 3 285.00 5.57 3.2
Difference = mu BBRCrp_F - mu BBRCrp_PAV
Estimate for difference: -145.0
95% Cl for difference: (-175.3, -114.7)
T-Test o f difference = 0 (vs not =): T-Value =-13.29 P-Value = 0.000 DF = 4
Two-Sample T-Test and Cl: Field BBR m Value (BBRmV_F) and PAV BBR m 
Value (BBRmV_PAV)
(Assuming Equal Variances)
Two-sample T fo r BBRmV F vs BBRmV_PAV
N Mean StDev SE Mean
BBRmV_F 5 0.3200 0.0146 0.0065
BBRmV_PAV 3 0.31233 0.00321 0.0019
Difference = mu BBRmV_F - mu BBRmV_PAV
Estimate for difference: 0.00767
95% Cl for difference: (-0.01396, 0.02930)
T-Test o f difference = 0 (vs not =): T-Value = 0.87 P-Value = 0.419 DF = 6 
Both use Pooled StDev = 0.0121
Two-Sample T-Testand Cl: BBRmV_F, BBRmV_PAV 
(Assuming Unequal Variances)
Two-sample T for BBRmV_F vs BBRmV_PAV
N Mean StDev SE Mean
BBRmV_F 5 0.3200 0.0146 0.0065
BBRmV_PAV 3 0.31233 0.00321 0.0019
Difference = mu BBRmV_F - mu BBRmV_PAV
Estimate for difference: 0.00767
95% Cl for difference: (-0.01123, 0.02657)
T-Test o f difference = 0 (vs not =): T-Value =1.13 P-Value = 0.323 DF = 4
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Two-Sample T-Testand Cl: Field Direct Tension (DT_F) and PAV Direct
Tension (DT_PAV)
(Assuming Equal Variances)
Two-sample T  for DT_F vs DT_PAV
N Mean StDev SE Mean
DT F 5 0.980 0.437 0.20
DT PAV 3 1.4800 0.0800 0.046
Difference = mu DT_F - mu DT_PAV 
Estimate for difference: -0.500 
95% 01 for difference: (-1.143, 0.143)
T-Test o f difference = 0 (vs not =): T-Value = -1.90 P-Value = 0.106 DF = 6 
Both use Pooled StDev = 0.360
Two-Sample T-Test and Cl: DT_F, DT_PAV 
(Assuming Unequal Variances)
Two-sample T for DT_F vs DT PAV
N Mean StDev SE Mean
DT F 5 0.980 0.437 0.20
DT PAV 3 1.4800 0.0800 0.046
Difference = mu DT_F - mu DT_PAV 
Estimate for difference: -0.500 
95% 01 for difference: (-1.058, 0.058)
T-Test o f difference = 0 (vs not =): T-Value = -2.49 P-Value = 0.068 DF = 4
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Results for: Koch AC40
Two-Sample T-Test and Cl: Field Absolute Viscosity (AbsVisc_F) and RTFO 
Absolute Viscosity (AbsVisc_RTFO)
(Assuming Equal Variances)
Two-sample T for AbsVisc_F vs AbsVisc_RTFO
N Mean StDev SE Mean 
AbsVlsc_F 39 12727 9785 1567
AbsVisc_RTFO 7 11425 1388 525
Difference = mu AbsVlsc_F - mu AbsVisc_RTFO 
Estimate for difference: 1302 
95% Cl for difference: (-6232, 8836)
T-Test of difference = 0 (vs not =): T-Value = 0.35 P-Value = 0.729 DF = 44 
Both use Pooled StDev = 9107
Two-Sample T-Test and Cl: AbsVisc_F, AbsVisc_RTFO 
(Assuming Unequal Variances)
Two-sample T for AbsVisc_F vs AbsVisc RTFO
N Mean StDev SE Mean 
AbsVisc_F 39 12727 9785 1567
AbsVisc_RTFO 7 11425 1388 525
Difference = mu AbsVisc F - mu AbsVisc_RTFO 
Estimate for difference: 1302 
95% 01 for difference: (-2030, 4634)
T-Test of difference = 0 (vs not =): T-Value = 0.79 P-Value = 0.435 DF = 43
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Two-Sample T-Testand Cl: Field Penetration (Pen_F) and RTFO 
Penetration (Pen_RTFO)
(Assuming Equal Variances)
Two-sample T  for Pen_F vs Pen_RTFO
N Mean StDev SE Mean
Pen_ F 39 37.51 9.33 1.5
Pen RTFO 7 26.71 2.36 0.89
Difference = mu Pen_F - mu Pen_RTFO 
Estimate for difference: 10.80 
95% 01 for difference: (3.59, 18.01)
T-Test of difference = 0 (vs not =): T-Value = 3.02 P-Value = 0.004 DF = 44 
Both use Pooled StDev = 8.71
Two-Sample T-Test and Cl: Pen_F, Pen_RTFO 
(Assuming Unequal Variances)
Two-sample T  for Pen_F vs Pen_RTFO
N Mean StDev SE Mean
Pen_ F 39 37.51 9.33 1.5
Pen RTFO 7 26.71 2.36 0.89
Difference = mu Pen_F - mu Pen_RTFO 
Estimate for difference: 10.80 
95% 01 for difference: (7.28, 14.32)
T-Test o f difference = 0 (vs not =): T-Value = 6.21 P-Value = 0.000 DF = 38
One-Sample T:
Field BBR Creep Stiffness (BBRCrp_F) 
PAV BBR Creep Stiffness (BBRCrp_PAV) 
Field BBR m Value (BBRmV_F)
PAV BBR m Value (BBRmV_PAV)
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Two-Sample T-Test and Cl: Field BBR m Value (BBRmV_F) and PAV BBR m
Value (BBRmV_PAV)
(Assuming Equal Variances)
Two-sample T fo r BBRmV_F vs BBRmV PAV
N Mean StDev SE Mean
BBRmV_F 33 0.3226 0.0456 0.0079
BBRmV_PAV 4 0.29575 0.00450 0.0023
Difference = mu BBRmV_F - mu BBRmV_PAV
Estimate for difference: 0.0269
95% 01 fo r difference: (-0.0200, 0.0738)
T-Test o f difference = 0 (vs not =): T-Value = 1.16 P-Value = 0.252 DF = 35 
Both use Pooled StDev = 0.0436
Two-Sample T-Test and Cl: BBRmV_F, BBRmV_PAV 
(Assuming Unequal Variances)
Two-sample T for BBRmV_F vs BBRmV PAV
N Mean StDev SE Mean 
BBRmV_F 33 0.3226 0.0456 0.0079
BBRmV_PAV 4 0.29575 0.00450 0.0023
Difference = mu BBRmV_F - mu BBRmV_PAV
Estimate for difference: 0.02689
95% 01 for difference: (0.01012, 0.04365)
T-Test o f difference = 0 (vs not =): T-Value = 3.26 P-Value = 0.003 DF = 34
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